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SUMMARY
Background: About 15 000 persons receive the diagnosis of kidney cancer in Germany every year. Surgical resection is the standard treatment for locally confined tumors, but minimally invasive thermoablative techniques are increasingly being used as well.
Methods: This article is based on publications retrieved by a selective literature search in PubMed regarding the thermoablative techniques now used in clinical practice, with particular attention to radiofrequency ablation (RFA) and cryoablation (CA).
Results: RFA and CA are suitable for patients who cannot undergo surgery because of comorbid illnesses or who have contralateral recurrences or a hereditary precancerous condition. The primary technical success rate of these procedures ranges from 88% to 100%. More than 95% of tumors under 3 cm in diameter can be completely ablated. Reported complication rates range from 1% to 7%. New data on long-term outcomes reveal metastasis-free survival rates of 88% to 99% five years after ablation. A major advantage of these procedures is that thermoablation does not impair renal function to any relevant extent and is thus a good option for patients with limited renal function or a single kidney.
Conclusion:
The thermoablative techniques are an important addition to the armamentarium of effective treatments for locally confined renal tumors. The guidelines of the American and European urological societies now list thermoablation with RFA or CA as an option for the treatment of small renal tumors with curative intent. Thermoablation of renal tumors has not yet been studied in randomized controlled trials; these will be needed so that the efficacy of tumor control, survival rates, complication rates, and quality of life after treatment can be reliably evaluated to provide definitive confirmation of the value of interstitial techniques. ►Cite this as:
Regier (1) . The observed annual increase in the incidence of renal cell carcinoma of approximately 2% (2) can partly be attributed the rapid progress in tomographic imaging. The detection of the tumor in the early T1a stage (48-65%) (3, 4) as an incidental finding is advantageous as it allows curative treatment of small renal cell carcinomas in many cases (5) .
Historically, radical nephrectomy was considered to be the treatment of choice even for small renal tumors (6) . In the meantime, partial nephrectomy has replaced this approach as it preserves the organ while offering the same oncological efficacy with regard to tumor control (7, 8) .
Criteria for resection surgery include, in addition to oncological guidelines, especially
• the patient's suitability for anesthesia, and • the anticipated reduction in renal function.
The growing interest in minimally invasive procedures has been triggered by the finding that the number of functional nephrons after tumor resection is directly related to patient survival (8) .
Percutaneous techniques for interstitial tumor ablation have increasingly been used to treat solid tumors since the turn of the millennium. A variety of ablation techniques is available: While microwave ablation (MWA), high-intensity focused ultrasound (HIFU) and laser thermal ablation (LTA) are still in an experimental stage (9-11), radiofrequency ablation (RFA) and cryoablation (CA) have become established modalities in the treatment of small renal tumors (12) (13) (14) . With both techniques, a needle-type probe (14-17 G) is placed in the center of the tumor.
The local heat produced by RFA induces a coagulation necrosis of the tumor tissue. By applying high-frequency alternating current (400-460 kHz), oscillation of ions is induced in the target tissue, creating temperatures of 60-90°C. The resulting protein denaturation is irreversible. The thermal energy applied also obliterates the tumor-supplying vessels (cauterization). The cytotoxic effect of RFA depends on the maximum temperature achieved and the duration of the ablation. To ensure complete tumor ablation, the entire tumor volume plus a 5-6 mm wide safety margin has to be heated up to a temperature of 60°C (15 Most RFA systems verify the success of the ablation procedure by measuring the impedance of the target tissue. Impedance is the AC (alternating current) equivalent to the electrical resistance of the tissue; its rise during thermal ablation reflects the dehydration of the ablated tissue. Once the impedance threshold is reached, the ablation process is repeated to ensure complete coagulation necrosis of the tumor by a second exposure to thermal energy.
In contrast, CA relies on freezing the target tissue with a cryoprobe which is inserted into the tumor, lowering the temperature of the adjacent tissue by means of helium or argon down to −40 to −60°C. Repeated freeze-thaw cycles ultimately result in the destruction of cell organelles and membranes, as the created intracellular ice crystals cause irreversible hydropic cell damage.
The principle of physics underlying MWA is similar to that of RFA. By applying high-frequency alternating current in the microwave band (0.9-2.5 GHz) via an ablation probe, rapid agitation of the water molecules in the tissue surrounding the probe is induced; the resulting increase in temperature ultimately causes coagulation necrosis of the target tissue. As microwaves can be efficiently delivered to the target tissue and the ablation time required for tissue necrosis is very short (<10 min), it can be assumed that MWA also is a suitable treatment modality to effectively control small renal tumors; however, only very few case series with small patient populations have become available to date (16) .
Indications and patient selection
Percutaneous thermal ablation is used to treat small renal tumors, especially in patients with a single kidney or impaired renal function, as it only slightly reduces the number of nephrons (thermal ablation 11% versus partial nephrectomy 35%) and does not require intraoperative ischemia, thus preventing the associated parenchymal injury (17) . It is mostly indicated in patients with comorbidities who are not eligible for surgery because of their poor general condition. Thermal ablation techniques are suitable for patients with genetic disorders that increase the likelihood of multiple bilateral renal tumors (von Hippel-Lindau syndrome, tuberous sclerosis, Birt-Hogg-Dubé syndrome). In rare cases, patients refuse to consent to surgery. For these patients, too, minimally invasive percutaneous thermal ablation may be considered as an alternative to active surveillance.
Technique
Preparation and intervention guide An important aspect of the preparation for the intervention is to determine the distance between the tumor and the renal hilum as the local thermal ablation effect may be reduced by heat loss via blood and urine flow close to the target tissue volume (heat sink effect) (18) .
RFA and CA are typically performed under sedation and analgesia. The ablation probe is inserted percutaneously into the target lesion under tomographic guidance. Where bowel is located immediately adjacent to the tumor, a safety distance to the ablation probe can be created by means of hydrodissection. This is achieved by advancing a 20G tap cannula between the tumor and the bowel and then injecting 100-500 mL of 5% dextrose solution or air (Figure 1 ) to create a protective thermal insulation zone (19, 20) .
With RFA, the ablation process of 5-20 min duration is considered to be successfully completed once the impedance threshold of the target tissue has been reached twice by incrementally increasing the generator output.
With CA, a 10-minute freezing phase is followed by an 8-minute active thawing phase which in turn is followed by a 10-minute re-freezing phase. (23, 24) , while the ablation-associated mortality rate is below 1% (23, 25) . Table 1 provides an overview of the complications and their incidences after thermal ablation.
Follow-up
The aim of the short-term follow-up after 3 months is to identify any residual tumor tissue early on. Long-term follow-up is meant to detect any local recurrences and is recommended after 6 months and subsequently at yearly intervals (13, 26) . Follow-up imaging requires the intravenous application of contrast media as any residual tumor tissue or local recurrences are identified as focal contrast-enhancing lesions. The suspicion that an unclear lesion is a recurrence is strengthened when the mass progressively increases in size during followup. These changes should be distinguished from a small ribbon of scar tissue (Figure 2 ) which delimits the outer ablation margin (23) .
Results
Radiofrequency ablation
Over the last decade, numerous authors have reported comparable post-RFA survival data. (27, 28) . The local recurrence rate in these patient populations was 4-7% after 1-3 years; repeat ablation secured a 100% secondary treatment success. These data were con firmed in a larger sample of 105 patients (29) where a primary ablation success rate of 90% was revealed; the success rate rose to 100% for tumors <3.5 cm and no recurrence was detected within the first 3 years. Another study showed that 3 years after RFA, 92% of patients were free of recurrence (24) .
In patients with an initial tumor size ≤ 3 cm at the time of RFA, the primary success rate was 95-98% (30, 31) .
Since RFA has only in recent years been used more widely for the curative treatment of renal tumors, initially the promising results achieved with RFA were based on short follow-up periods of 3 years at most. Now, very impressive data covering long-term periods of at least 5 years after percutaneous ablation are starting to become available, defining the role of RFA in the long-term oncology setting. Two independent study groups have reported recurrence-free 5-year survival rates of 88% and 89%, respectively, for tumors ≤4 cm (30, 31) . Distant metastasis was not observed in either of the 2 study populations. Tracy et al. confirmed these positive long-term results and reported metastasis-free and disease-specific survival rates of 95% and 99%, respectively (32) . In a study with 200 patients, Georgiades et al. achieved a success rate of 96% six years after RFA and concluded that RFA should be considered equivalent to partial nephrectomy in the treatment of T1a renal tumors (23).
TABLE 1
Summary of potential complications of radiofrequency ablation and cryoablation as well as their incidences* * The incidence of typical complications is almost identical for both methods. Only the risk of bleeding is slightly higher for cryoablation compared with radiofrequency ablation, as CA has no cauterizing effect. CA, cryoablation; RFA, radiofrequency ablation; h, hours
Complications
Post-ablation syndrome (myalgia, fever, nausea <48 h) (e5)
Self-limiting hematuria (e6)
Temporary cloudiness of urine due to chyluria (e7)
Self-limiting perirenal hematoma (13, e6) Self-limiting perirenal hematoma (13, e6) Perirenal hematoma requiring treatment (e7)
Perirenal hematoma requiring treatment (e8)
Temporary nerve injury (intercostal or genitofemoral) (19, 23) Uretral stenosis (13, e9) Skin burns at the neutral electrode (19) Urinary retention due to occluding blood clot (e6) Pneumoperitoneum (13, 19, e6) Measurable loss of renal function immediately after ablation ( After complete surgical removal of a T1a renal tumor, the expected 5-year survival is 97% (33) . Since thermal ablation is associated with the risk that isolated vital cell nests may persist in the periphery of the tumor, nephrectomy still seems to offer the highest safety level, despite the excellent long-term success rates achieved with RFA.
RFA should be seen as an effective treatment alternative, offering the additional advantage of possible repeat application in case of recurrence as it spares the healthy renal parenchyma. With the proven linear correlation between the number of functional nephrons and long-term survival (7, 8) , the fact that RFA causes only minimal loss of renal function underscores the significance of this technique. As part of the overall treatment strategy, RFA is of great benefit especially in patients with impaired renal function, kidney transplant, contralateral recurrences or hereditary diseases associated with multiple renal tumors.
At the same time, the minimal invasiveness of RFA is convincing. Additional advantages of RFA over surgery that have helped to establish radiofrequency ablation as a curative treatment for small renal cell carcinomas include the low complication rate and possibility to perform the intervention on an outpatient basis.
Cryoablation
The few authors who reported their primary success rates after CA found somewhat higher rates compared with RFA (34) . One argument in favor of CA is that the result of the ablation treatment can already be visualized during the intervention as a hypodense ice ball. Based on this, the success of the procedure can be evaluated. For cryoablation, a close correlation between initial tumor size and probability of successful treatment has also been demonstrated (35) . For space-occupying lesions <4 cm, Georgiades et al. achieved a success rate of 100% one year after ablation (36) . Over a follow-up period of 3 years, Pirasteh et al. demonstrated lasting treatment success in 93% of patients (37). Atwell et al. reported similarly promising results for the treatment of 145 small renal tumors <3 cm (38) . The recurrence-free survival rates after 1, 3 and 5 years were 97.3%, 90.6% and 90.6%, respectively.
The currently available long-term data consistently indicate that in interstitial renal tumor treatment both techniques are equivalent (38) (39) (40) .
However, it should be mentioned that so far no randomized controlled trials comparing the two techniques have become available and that the published data are primarily based on retrospective analyses. In addition, no randomized controlled trials directly comparing surgical resection procedures with locally ablative techniques are available. Besides the comparison of percutaneous interstitial and surgical techniques with regard to tumor control, survival and complication rates, pro spective randomized studies should especially address patient-reported quality of life after tumor treatment to enable a conclusive evaluation of the significance of interstitial techniques. Given their minimal invasiveness, it is to be expected that percutaneous ablation techniques will help to improve the healthrelated quality of life of these patients.
Percutaneous vs. laparoscopic ablation
Relevant advantages of percutaneous ablation are its minimally invasive nature and the possibility to perform the intervention on an outpatient basis. This does not only help to reduce patient stress, but also translates into cost savings of 30-50% (e1, e2). Hui et al. showed in their meta-analysis that the rate of severe complications is significantly lower after percutaneous intervention compared with laparoscopic tumor ablation (33) . Based on data from MDCT scans performed as part of the follow-up care, efficacy is independent of the access route (19) . A prospective study showed that in cases where vital cell nests remained after percutaneous thermal ablation, repeat percutaneous ablation lead to tumor necrosis equivalent to that observed after laparoscopic ablation (33) . However, these data are to be confirmed in future randomized controlled trials. In patients where the space-occupying lesion is located very close to the hilum, preference should be given to the laparoscopic approach, as this increases the likelihood that renal blood vessels and ureter are spared. The published data show no advantage of laparoscopic over percutaneous thermal ablation in terms of oncological control of small renal tumors; consequently, preference should be given to the less invasive percutaneous technique (11, 19) .
Guideline recommendations for the use of thermal ablation techniques
The American Urological Association (AUA) was the first medical specialty society in the world to include thermal ablation techniques in its recommendations for the treatment of localized renal tumors and to support the use of RFA and CA as an alternative to surgical procedures, especially for patients in poor clinical condition; however, it also warns of their potential for local recurrence (e3). The guidelines of the European Association of Urology recommend the use of thermal ablation to treat small tumors as well as patients with significant concomitant disease (e4). The S3-guideline of the German Cancer Society's (DKG) guideline program is expected to be published in early 2015. In view of the growing evidence to support their high long-term oncological efficacy, it can be expected that thermal ablation techniques will be included in future guidelines as a curative minimally invasive alternative to surgical resection, adding to the range of treatment options available for patients with localized renal tumors.
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TABLE 2
Comprehensive selection of published studies with at least 30 patients treated with interstitial therapy and their success and complication rates, based on an extensive search of the PubMed database CA, cryoablation; RFA, radiofrequency ablation
Author
Mayo-Smith (e10) Varkarakis (27) Gervais (e11) Levinson (e12) Ferakis (30) Tracy (32) Zagoria (31) Ji (e13) Karam (e14) Atwell (38) Bandi (e15) Georgiades (36) Spreafico (e16) Guazzoni (e17) Rodriguez (24) Pirasteh (37) Guillotreau (e18) Duffey (e19) Atwell ( 
